The glycaemic index and sports nutrition
Carbohydrate (CHO) is the main fuel for exercising muscles, and depletion of glycogen stores has been associated with the onset of fatigue. 1, 2 To maintain and/or resynthesise optimal glycogen stores between training sessions and/or competition the amount, timing and type of CHO food ingested plays an important role. Ingesting CHO before exercise is recommended to 'fine tune' glycogen stores, 3 during endurance-type exercise to provide fuel, 4 and postexercise to resynthesise glycogen stores. 5 Extensive investigation has been done into the amount and timing of CHO ingestion for increased performance and optimal glycogen storage. 6, 7 However, less is known about the type of CHO needed for optimal performance. Earlier research studies took a very simplistic approach to CHO nutrition by dividing foods into 'simple' and 'complex' CHOs based on their chemical composition. [8] [9] [10] The ingestion of simple CHO foods was believed to elicit a large, rapid and short-lived rise in blood glucose, while complex CHO foods were thought to give rise to a flatter and more sustained blood glucose curve. However, this model has recently been challenged with the development of the glycaemic index (GI). Consequently the GI of CHO foods has been used when selecting foods and CHO-containing fluids to optimise CHO availability during exercise; GI is also thought to influence the rate of glycogen resynthesis post-exercise, thereby potentially enhancing exercise performance. In general, low-GI (LGI) CHO foods (typically with a GI < 40%) have been recommended before endurance events to promote CHO availability during exercise, 11 CHO foods with a moderate GI (MGĨ 63%, 40 -70%) to high GI (HGI > 70%) have been recommended during exercise for readily available CHO to maintain euglycaemia, and HGI CHO foods have been recommended post-exercise to enhance glycogen storage. 12 However, some of these recommendations are debatable and require further investigation. The aims of this article were to re-evaluate these general guidelines using recent scientific evidence and to draw conclusions regarding the use of the GI as a tool when choosing CHO foods in sports nutrition.
Pre-exercise
CHO ingestion before endurance exercise at submaximal intensity (~ 70% VO 2max ) is associated with prolonged cycling time to exhaustion, 13 enhanced work output, 14 and time trial performance. 15, 16 It is suggested that pre-exercise CHO ingestion is important to maintain euglycaemia (4.2 -5.3 mmol/l) via hepatic glucose output during the latter stages of an endurance event. 17 However, the ingestion of CHO in the hour before exercise can result in increased blood glucose and blood insulin levels which presents a potential disadvantage.
Hyperglycaemia and hyperinsulinaemia are often followed by a rapid decline in blood glucose 15 -30 minutes after the onset of exercise, also referred to as rebound hypoglycaemia (2.5 -2.8 mmol/l), 18, 19 which can contribute to impaired performance. 20, 21 A small percentage of athletes are especially sensitive to CHO ingestion during the hour before exercise. Exaggerated CHO oxidation, decreased blood glucose levels,
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Carbohydrate (CHO) is the main fuel for exercising muscles, therefore the amount, timing and type of CHO food ingested is an important part of an athlete's daily dietary intake. The amount and timing of CHO ingestion has been investigated extensively. It has been suggested that the glycaemic index (GI) of CHO foods influences CHO availability during exercise and the rate of glycogen synthesis post-exercise. Although low-GI (LGI) CHO foods are mostly recommended for the pre-exercise meal, ingesting high-GI (HGI) CHO foods pre-exercise mostly does not result in hypoglycaemia in healthy individuals during exercise. HGI and LGI CHO foods yield similar results in terms of exercise performance and perceived rate of exertion. HGI and moderate GI (MGI) CHO foods are recommended during exercise. However, fructose in high concentrations is not recommended owing to increased risk of gastrointestinal distress.
LGI CHO foods are not recommended during a short recovery period (< 6 hours) because of their slow rate of absorption and indigestible CHO, which seems to be a poor substrate for glycogen synthesis.
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rapid onset of fatigue and symptoms of hypoglycaemia are experienced by these athletes at the onset of exercise. 3 The precise mechanism for this extreme reaction is not known. 22 Ingesting a substantial amount of LGI CHO (> 70 g) may prevent this. 3 For more detailed reviews on hypoglycaemia and its treatment see publications by Rutherford 19 and Brun and coworkers. 23 Another potential disadvantage of elevated insulin levels before exercise is that this may suppress fat metabolism (free fatty acid (FFA) oxidation) and increase CHO oxidation, which could contribute to premature depletion of glycogen stores and fatigue. 11, 24 Providing LGI CHO foods before exercise has been proposed to attenuate these metabolic disturbances because of their minimal glycaemic and insulinaemic response. 25 LGI CHO food consumption pre-exercise has also been hypothesised to result in sustained CHO supply during exercise and increased exercise performance. 26 Guezennec and co-workers 27, 28 investigated the metabolic response during exercise to isocaloric CHO foods with different starch structures and starch contents (therefore various GIs) in two separate studies. In both studies subjects ingested the treatments 1 hour pre-exercise (cycling for 2 hours at 60% VO 2max ). In the first study 27 subjects ingested either glucose (HGI), corn starch (MGI), or fructose (LGI). 29 Even though blood glucose levels were significantly higher (p < 0.05) after HGI and MGI foods 30 minutes postprandially and dropped to values significantly lower (still > 4.0 mmol/l) than after the LGI food at 30 minutes of exercise, no differences between treatments were found at the end of exercise (t = 180 minutes). The insulin response was higher (p < 0.05) when HGI and MGI foods were taken versus LGI food postprandially as well as during the first 120 minutes of the exercise bout, but no differences were seen at the end of exercise. Additionally, there were no differences in serum FFA levels postprandially or during exercise, and there was a similar increase in respiratory exchange ratio (RER) during exercise between all treatments, although CHO oxidation, as measured by atom per cent excess of 13 CO 2 , was lower (p < 0.05) after the LGI food versus the HGI and MGI foods at 180 minutes of exercise. In the second study, 28 cooked spaghetti (LGI), cooked rice (LGI), glucose (HGI), cooked potato (HGI), and bread (HGI) were compared. 29 Higher (p < 0.05) blood glucose levels were found postprandially after HGI versus LGI foods, as well as a drop in blood glucose levels, which were significantly lower after HGI versus LGI foods (~ 3.6 ± 0.2 mmol/l versus ~ 4.5 ± 0.3 mmol/l) at 30 minutes of exercise and at the end of exercise (~ 4.0 ± 1 mmol/l versus 4.7 ± 0.3 mmol/l). Similarly, blood insulin levels were higher (p < 0.05) postprandially after the HGI versus LGI foods, but at 30 minutes of exercise there were no differences between treatments and from baseline values. RER levels increased progressively postprandially after HGI foods but remained unchanged after LGI foods, and were higher (p < 0.05) after 30 minutes of exercise in the HGI versus LGI treatment groups. With these two studies 27, 28 the authors supported the concept of sustained CHO supply from the ingestion of LGI CHO foods pre-exercise due to delayed CHO oxidation. However, it should be noted that exercise performance was not measured. Similar results were shown by Thomas and co-workers, 30 who found that the GI correlated inversely (p < 0.01) with blood glucose levels after more than 90 minutes of exercise (cycling to exhaustion at 65 -70% VO 2max ), and with FFA levels (p < 0.05) during the last hour of exercise. However there was no difference between treatments in terms of exercise time and no correlation between time to exhaustion and GI. Criticism of this study is that the treatments were not iso-energetic or similar in macronutrient composition, and that the lentil treatment (LGI) provided 208% more energy and 36% more protein than the glucose treatment (HGI). In an earlier study 31 with a similar protocol, Thomas and co-workers also found a higher rate of CHO oxidation with the ingestion of HGI foods pre-exercise, as well as prolonged endurance time by 20 minutes after the ingestion of LGI foods versus HGI foods. Demarco and co-workers 32 also found an increase in time to exhaustion in a LGI versus HGI pre-exercise meal and speculated that the differences in results were probably due to variations in fibre content of the meals (LGI 57 g versus HGI 5 g). However measurement of performance in both studies was done using a time-to-exhaustion exercise protocol with a fixed submaximal rate, which has a high coefficient of variation (~ 25%) and increases the possibility of errors. 33 To investigate the influence of GI on glucose homeostasis before and during exercise, Koivisto and co-workers 34 compared isocaloric (75 g) fructose (LGI) and glucose (HGI) treatments ingested 45 minutes preexercise (cycling at 70% VO 2max , increased by 10% VO 2max after 30 minutes, then cycle to exhaustion). They found similar postprandial increases in blood glucose levels for both treatments, but a drop in blood glucose at 30 minutes of exercise to 2.5 ± 0.2 mmol/l in the HGI treatment group which was lower (p < 0.05) than in the LGI treatment group. However, they did not report whether subjects experienced any hypoglycaemic symptoms. At the end of exercise there were no differences in blood glucose levels between treatment groups. Blood insulin levels increased twofold postprandially (p < 0.05) in the HGI compared with the LGI treatment group, but no differences were found at the end of exercise. Additionally, there were no differences in FFA oxidation, growth hormone and cortisol response, or time to exhaustion between treatments. Febbraio and Stewart 35 compared an isocaloric LGI meal (lentils) with an HGI meal (mashed potato) ingested 45 minutes pre-exercise (cycling at 70% VO 2max for 120 minutes followed by 1 minute of rest and a work-cycle test for 15 minutes), in terms of glycogen utilisation, exercise metabolism and performance. They also found higher (p < 0.01) postprandial (15 minutes) blood glucose levels in the HGI versus LGI treatment group, but no difference between treatments at all other time points. Blood glucose levels dropped to a low of ± 4.3 mmol/l in the HGI treatment group at 20 minutes of exercise. Insulin levels were also higher (p < 0.05) postprandially in the HGI versus LGI treatment group, but no difference was found between groups from 20 minutes of exercise onwards. There were no differences in glycogen levels post-exercise, or in total work performed. Kirwan and co-workers 36 also found no difference in time-to-fatigue or glycogen utilisation when a MGI (GI 61) CHO food was ingested 45 minutes pre-exercise compared with a placebo, even with similar glycaemic and insulinaemic responses as in the study by Febbraio and Stewart 35 and with increased (p < 0.05) CHO oxidation in the MGI versus placebo treatment group. Two studies 37, 38 mimicking practice in their exercise protocols also found no difference between HGI and LGI pre-exercise meals in terms of time to fatigue. However the usual food consumed by subjects in the study by Stannard and co-workers 37 was not controlled, therefore a treatment effect could not be isolated. Nevertheless, it was concluded that if an athlete is not sensitive to hypoglycaemia there is little evidence to avoid HGI foods pre-exercise. It should be noted that the potential effect(s) of HGI foods on the mental function of competitive athletes (especially in sports that requires acute reflex responses) requires further investigation.
Garcin and co-workers 39 investigated the relationship between the GI of the pre-exercise meal and rating of perceived exertion (RPE) or hunger feelings. An isocaloric HGI (GI 100) or LGI (GI 50) food was ingested from 1 hour after a standardised breakfast at 30-minute intervals for a period of 3 hours until 10 minutes before exercise (cycling for 1 hour at 80% VO 2max ). Blood glucose levels were similar in all treatments, although there was a slight drop in the HGI group at 30 minutes of exercise to 4.6 ± 0.6 mmol/l, but it rose again at 60 minutes of exercise. They found no difference between treatments in RPE or hunger feelings, although water (placebo group) led to increased feelings of hunger (p < 0.05) at the end of exercise compared with baseline. Owing to the duration of the exercise protocol it is possible that the RPE could have increased in the HGI group if exercise was prolonged, since maintaining blood glucose is important for local RPE during the latter stages of cycling at 70% VO 2max . 40 Horowitz and Coyle 41 compared the effect of 0.7 g CHO (sucrose/potato/rice)/kg body weight with or without 0.18 g fat/kg body weight and a placebo, eaten 30 minutes pre-exercise (1 hour incremental cycle test) on the metabolic response before and during exercise, as well as RPE. They found that adding fat to rice and potato significantly blunted the glycaemic and insulinaemic response, but added fat did not influence sucrose's glycaemic and insulinaemic response. Additionally, no differences were found between treatments in terms of RPE. A food containing fat can therefore elicit a high glycaemic response if the CHO portion consists predominantly of syrup solids. Furthermore, RPE after 1 hour of exercise was found to be independent of GI and whether a meal was ingested or not. No differences in exercise performance and metabolic response were found by Mitchell and coworkers 42 after a 10 km self-paced performance run when various CHO solutions with various GIs, ingested 60 minutes pre-exercise, were compared with a water placebo. This raises the question of importance in terms of pre-exercise CHO ingestion and GI during shorter (< 1 hour) events. It should be noted, though, that the sports drinks used in this study showed added benefit in terms of hydration. Having said that, Carter and co-workers 43 demonstrated improved performance time (59.57 ± 1.50 minutes versus 61.37 ± 1.56 minutes, p = 0.011) and power output (259 ± 16 W versus 252 ± 16 W, p = 0.003) after rinsing the mouth with a 6.4% maltodextrin solution for every 12.5% of a performance trial completed compared with water (fluids were spat out after a 5-second rinse). There was no difference in RPE between the 2 trials. These results demonstrate that exercise performance is also influenced by a central drive (brain) or motivation, which might have been through the brain in response to sensory perception by mouth receptors.
Burke and co-workers 44 showed that if CHO (~ 1 g glucose/minute) is ingested during exercise (incremental cycle test to exhaustion) the GI of the preexercise meal (HGI versus LGI) has no effect on performance, and glycaemic differences at the onset of exercise are short-lived. In that study most subjects preferred to ingest the LGI CHO meal as a pre-exercise meal. It seems, therefore, that if the total amount of CHO ingested pre-exercise is sufficient (1.1 -2 g CHO/kg 1 -2 hours pre-exercise) 16 and if CHO is ingested during exercise, the type of CHO in the preexercise meal can be determined according to the individual's preference and previous experience.
During exercise
CHO ingestion during prolonged submaximal intensity and intermittent intensity exercise has been associated with increased performance. 13, 45, 46 Additionally, it might be beneficial for high-intensity exercise (± 1 hour duration) in terms of performance. 47, 48 Mechanisms for improved exercise performance as a result of CHO ingestion during exercise of ± 1 hour are unclear, since only 5 -15 g of ingested glucose could have been oxidised at the end of exercise, 47 and it is unlikely that this small amount could contribute to the relatively large effect on performance. It has been suggested that benefits to 'central performance' involving the brain and nervous system are involved as previously discussed. 43 Although CHO ingestion during exercise compared with a placebo can increase performance, ingesting CHO before and during exercise can result in an even greater endurance time and work output. 13 Apart from performance advantages, CHO ingestion during exercise helps to maintain euglycaemia (> 2.5 mmol/l), 49 to supplement endogenous stores during the latter stages of exercise, 50 and to decrease cytokine and cortisol concentration during exercise, all of which have been associated with diminished physiological stress. 51 As with pre-exercise CHO intake, the amount, timing and type of CHO ingested during exercise influences exercise performance. For maximal exogenous CHO oxidation it is recommended to ingest 1.0 -1.1 g/minute (60 -70 g CHO/hour), 52 to start CHO ingestion early (< 60 minutes) during the event, and to ingest CHO at 15-minute intervals. 4, 53 However, the suggested frequency of CHO ingestion might not always be practical because of time lost when ingesting food during a competition, possible risk of gastrointestinal distress, and frequency of formal and informal pauses during team sports. 4 Consumption of fructose (LGI) while exercising is often promoted because of the low insulinaemic response. 54 Low insulinaemic response would therefore increase FFA oxidation, thereby sparing CHO oxidation (decreased glycogen depletion) and contributing to prolonged time to exhaustion. 27 However this argument is not well founded since insulin secretion is suppressed during exercise. 55 Additionally, fructose in high concentrations is associated with gastrointestinal distress; 56 fructose oxidation is slower than that of glucose (HGI) probably owing to a lower rate of absorption and because it first needs to be converted to glucose in the liver before it can be metabolised. 52 Furthermore, fructose has been shown to decrease exercise capacity compared with glucose. 56 Fructose does, however, increase palatability of a drink 52 and when added to a glucose drink (1.2 g/minute maltodextrin + 0.6 g/minute fructose) can increase exogenous CHO oxidation rates by 40% compared with an iso-energetic glucose-only drink (1.50 ± 0.07 versus 1.06 ± 0.08 g/minute). 57 Recently, Jentjens and Jeukendrup 58 increased exogenous CHO oxidation rates to approximately 1.75 g/minute when giving a higher rate (2.4 g/minute) of a glucose-fructose mixture (1.2 g/minute glucose + 1.2 g/minute fructose) to trained male cyclists during an exercise trial (150 minutes at 50% of maximal power output). The increased exogenous CHO oxidation rates of combined CHO (glucose, fructose and sucrose) drinks compared with glucose-only drink may be due to less competition for absorption as different intestinal transport mechanisms are used.
Generally, rapidly oxidisable CHOs (HGI and MGI) are recommended during exercise and include glucose (HGI), maltose (HGI), sucrose (MGI), maltodextrins (HGI) and amylopectin (MGI). 29, 52 These CHOs are used in studies because of their rapid rate of digestion, which results in increased blood glucose levels during exercise and therefore maintenance of euglycaemia. 59 LGI CHOs have a slower digestion and absorption rate 59, 60 which might result in hypoglycaemia. Additionally, this slower rate of digestion might increase the risk of gastrointestinal distress when ingested during exercise. 61 Furthermore, as a result of colonic fermentation less available CHOs are absorbed and therefore less energy is produced compared with an equal amount of HGI food. This may result in a net loss of energy to exercising muscle.
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GI and recovery
From a nutritional perspective, the recovery phase post-exercise is characterised by glycogen resynthesis, and whole-body protein synthesis. 63, 64 Once again, the amount, type and timing of CHO intake plays an important role in the rate of glycogen synthesis, and contributes to the rate of whole-body protein synthesis.
6,64 During short-term recovery periods (< 8 hours) the type and timing of CHO consumed is more important than during longer recovery periods (> 8 hours), although the amount of CHO ingested remains important during both recovery periods. 65, 66 Currently, it is recommended to ingest 1.0 -1.85 g/kg/hour immediately post-exercise and at 15 -60-minute intervals thereafter, for up to 5 hours post-exercise 6 during a short-term recovery period. During a longer recovery period total daily CHO intake should be sufficient (~ 7 -10 g/kg/day). 67 From 60 minutes onwards post-exercise, the rate of glycogen synthesis is inter alia dependent on muscle contraction and insulin owing to their stimulatory effect on the activity of glycogen synthase, 68,69 the ratelimiting enzyme in glycogen synthesis. 70 Since various CHOs have various glycaemic and insulinaemic responses, 71 CHO oxidation as well as digestion and absorption rates, 53 it is clear that the type of CHO ingested post-exercise will influence the rate of glycogen synthesis.
HGI CHO foods are currently recommended during the recovery period owing to their high insulinaemic and glycaemic response. 26 Earlier studies investigating the type of CHO and its effect on glycogen synthesis are difficult to interpret since CHO was still classified as 'simple' and 'complex', for example fructose (LGI) was classified as a 'simple' CHO. 9 Additionally, glucose and insulin responses were not always measured and the foods used were not always well described. However Blom and co-workers 72 found an increased rate of glycogen synthesis (p < 0.05) after the ingestion of glucose and sucrose (0.7 g CHO/kg 2 -6 hours post exercise) compared with fructose post-exercise (cycle test to exhaustion at 75% VO 2max ). In retrospect we now know that HGI and MGI CHO foods result in a higher rate of glycogen synthesis than LGI CHO foods during a 6-hour recovery period. Kiens and coworkers 73 also found greater storage of glycogen at 6 hours post-exercise when the subjects consumed HGI versus LGI foods. However, no difference between HGI and LGI foods was found at 20, 32 and 44 hours postexercise. Although it is difficult to interpret the results of this study as the terms simple or HGI and complex or LGI were used interchangeably, it would appear that if the recovery period is longer the total amount of CHO ingested is more important in terms of glycogen synthesis than the type of CHO ingested. This hypothesis was supported by the findings of Burke and co-workers in two follow-up studies. 74, 75 The first study measured the amount of glycogen stored at 24 hours post-exercise. 74 Subjects were given either a LGI (total GI 71) or HGI diet (total GI 108) divided into 4 meals during the recovery period (10 g CHO/kg/day) postexercise (2-hour cycle at 75% VO 2max followed by 4 x 30 second 'all-out' sprints with 2-minute rest periods). A higher level (p < 0.02) of glycogen storage was found in the HGI versus the LGI diet group (106.1 ± 11.7 versus 71.5 ± 6.5 mmol/kg wet weight). However these findings were difficult to explain since the magnitude of increase in glycogen storage with the HGI diet group was greater than the 24-hour blood glucose and insulin response. In the follow-up study, Burke and coworkers 75 simulated the flattened glucose and insulin response of a LGI diet by giving 16 small HGI snacks (10 g CHO/kg/day) over a period of 24 hours postexercise and compared this with the effect of 4 HGI meals (10 g CHO/kg/day) over the same period in terms of glycogen storage. Despite differences in glucose and insulin responses, no differences were found in glycogen storage between the two trials at 24 hours post-exercise. Therefore, manipulating glucose and insulin levels during a longer recovery period is not critical for optimal glycogen storage, as long as the total amount of CHO ingested is sufficient (~ 7 -10 g CHO/kg/day). 2, 67 A possible explanation for increased glycogen storage after HGI versus LGI CHO foods during a shorter recovery period post-exercise, is that a considerable amount of CHO in LGI food is not absorbed 76 and the indigestible CHO forms of LGI foods provide a poor substrate for glycogen synthesis. 77 Furthermore, as mentioned earlier fructose (LGI) yields a slower rate of glycogen synthesis than glucose, possibly because of its slower rate of absorption and the fact that fructose first needs to be converted to glucose in the liver before it can be metabolised in the skeletal muscle. 78, 79 Interestingly though, similar rates of glycogen synthesis have been found when either glucose (HGI) or sucrose (MGI) was ingested. 72, 80 Since sucrose contains equimolar amounts of glucose and fructose, only half the amount of glucose is directly available for glycogen synthesis. It is suggested that fructose may inhibit post-exercise hepatic glucose uptake, therefore more glucose may escape the liver and be available for muscle glycogen synthesis. 72 Piehl Aulin and coworkers 81 found that a post-exercise CHO drink containing glucose polymers (HGI) resulted in a higher rate (p < 0.05) of glycogen synthesis 4 hours postexercise than an iso-energetic glucose-containing (HGI) drink (50.2 ± 13.7 versus 29.9 ± 12.5 mmol/kg dry weight/hour). It was suggested that the lower osmolality of the glucose polymer drink versus the glucose drink (84 versus 350 mOsm/l) led to greater gastric emptying rates and a faster delivery of substrate to muscle. Although there was no difference in insulin and glucose response, there could have been a greater non-insulin-dependent uptake of glucose in the muscle during the early (30 -60-minute) post-exercise period. This hypothesis merits further investigation.
The effect of the GI on whole-body protein synthesis has not been investigated extensively. Levenhagen and co-workers 64 fed their subjects the same supplement immediately post-exercise (cycle at 70% VO 2max for 1 hour) or 3 hours post-exercise (8 g sucrose + 10 g protein + 3 g fat/serving). Immediate ingestion of the supplement post-exercise led to an enhanced accretion of whole-body and skeletal muscle protein (p < 0.05). It was concluded that combining a highinsulinogenic and HGI CHO with protein immediately post-exercise is a potent stimulator for protein synthesis, probably owing to increased insulin secretion (favourable hormonal mileu) and amino acid availability. In a recent review by Suzuki 82 it was also concluded that HGI CHO is more effective than LGI CHO for skeletal muscle formation.
The main interest in the application of the GI in sports nutrition is related to the potential to enhance sports performance. It is therefore important that when investigating the effect of GI on metabolic response and/or exercise performance the exercise protocols used are relevant and reliable. The preferred exercise protocols to use are those mimicking practice. Many studies use a 'time to exhaustion at a fixed rate' exercise protocol which has a high coefficient of variation, thereby increasing the risk of error in results. When interpreting results it is therefore important to keep the exercise protocol in mind.
The importance of the pre-exercise meal is largely determined by the degree of recovery from the previous exercise session 66 and the duration of the exercise event. When choosing a pre-exercise meal, gastric emptying, digestion and absorption rate should be considered to limit possible gastrointestinal distress and excessive fullness. 52, 66 Ingesting HGI CHO foods pre-exercise usually results in a drop in blood glucose levels at 15 -30 minutes of exercise which stabilises again at approximately 60 minutes of exercise. However this drop largely does not result in hypoglycaemia (< 2.5 mmol/l) and rarely causes
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hypoglycaemic symptoms. Furthermore, LGI CHO preexercise foods do not increase exercise performance, although these foods cause delayed CHO oxidation and increased FFA oxidation compared with HGI CHO preexercise foods. Therefore, based on current findings, HGI CHO foods can be ingested pre-exercise without any detrimental effects if preferred by an athlete, and if the athlete is not sensitive to hypoglycaemia.
Ingesting CHO during exercise increases exercise performance (even in events ≤ 1 hour in duration), helps to maintain euglycaemia, and decreases the risk of upper respiratory tract infection (URTI). HGI and MGI CHOs are generally recommended during exercise because of the rapid digestion of the CHO and maintenance of euglycaemia. High concentrations of fructose are not recommended because of the latter's association with gastrointestinal distress. However combining different CHOs (including fructose) could increase palatability as well as water and CHO absorption.
HGI and MGI CHO foods appear to be the best choice post-exercise when the recovery period is short (< 8 hours) because of the insulinaemic response of these CHOs which stimulate glycogen synthese activity and hence an increase in the rate of glycogen synthesis.
LGI CHO food is not recommended during this recovery period, since it has a slower rate of absorption and its indigestible CHO appears to be a poor substrate for glycogen synthesis. However if the recovery period is longer (≥ 22 hours) the total amount of CHO ingested is more important than the GI per se. Combining HGI and MGI CHO with protein seems to be more beneficial for whole-body protein synthesis post-exercise, than LGI CHO and protein.
Further research is needed on the effect of the GI on exercise performance using exercise protocols that mimic practice, and on protein synthesis during the recovery phase.
